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Previewsexpressed genes during mitosis and is
important for the rapid reactivation of
these genes upon mitotic exit (Blobel
et al., 2009). Unlike BRD4 marked genes,
these genes are not early G1-specific
genes but instead are among the most
highly expressed during interphase and
include cell-cycle regulators, chaperones,
and the translation machinery. It seems
likely that the accelerated recruitment of
Pol II demonstrated by Zhao et al. is a
general feature of this type of bookmark-
ing mechanism. Bookmarking has also
been implicated in maintaining cell-type-
specific gene expression patterns across
mitosis (Zaidi et al., 2010). Whether rapid
reactivation is the keymechanism in these
cases is not yet clear.
Zhao et al. propose that chromatin de-
compaction by BRD4 may mediate the
accelerated transcriptional activation
observed in the system. Open chromatin
structure has been implicated in several
other mitotic bookmarking events, and it
may be that it is a general feature of
mitotic bookmarking, despite the diversity
in the molecular nature of the bookmarks
themselves. An earlier study showed
persistent DNaseI hypersensitivity at the
hsp70 promoter during mitosis, even as
transcription factor binding was lost.
This nuclease hypersensitivity may be808 Developmental Cell 21, November 15, 20indicative of altered chromatin configura-
tion (Martı´nez-Balba´s et al., 1995). Tran-
scription factor HSF2, which bookmarks
the hsp70i gene, recruits protein phos-
phatase 2A (PP2A) to the hsp70i promoter
during mitosis. PP2A dephosphorylates
a subunit of the condensin complex,
thus inactivating it, which is thought to
prevent local chromatin compaction at
the promoter (Xing et al., 2005). Similarly,
general transcription factor TBP, which
has also been shown to act as a mitotic
bookmark, causes decompaction of its
target gene promoters in mitosis by the
same mechanism employed by HSF2: it
recruits PP2A, which inactivates conden-
sin and prevents local chromatin compac-
tion (Xing et al., 2008). It is possible that
open chromatin facilitates the reassembly
of the transcriptional machinery on the
bookmarked locus upon mitotic exit.
Many bookmarking events have been
shown to involve binding of transcriptional
regulators to mitotic chromosomes;
whether open chromatin influences or
reflects the binding of these factors in
most cases remains to be determined.
Much work remains to elucidate the
mechanisms and consequences of mi-
totic bookmarking. However, this study
provides a compelling example of tran-
scriptional regulatory information being11 ª2011 Elsevier Inc.transmitted through mitosis and strong
evidence that the information is based in
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Autophagy is an intracellular membrane-trafficking pathway for the delivery of proteins and organelles to
lysosomes for degradation and recycling. DeSelm and coworkers (2011) now describe an essential role for
autophagic proteins in the trafficking and fusion of lysosomes at the site of bone resorption: the osteoclast
ruffled border.The study of autophagy has led to the
identification of a large set of autophagy-
related (Atg) proteins that are involved
in the delivery of proteins and organelles
to the lysosome. A subgroup of these
proteins participates in the biogenesis
of autophagosomes, double-membranevesicles that sequester and deliver
cellular components to the lysosome
during autophagy. Central to this process
are two ubiquitin-like systems consisting
of the Atg5-Atg12 and the Atg8-phospha-
tidylethanolamine (PE) conjugates, as well
as Atg7, an enzymewith similarity to an E1ubiquitin-activating enzyme. Atg8 is first
processed by the Atg4 protease, leading
to the exposure of a glycine residue at
its C terminus. The Atg5-Atg12 conjugate,
complexed with Atg16, subsequently
acts in a manner similar to an E3 ubiquitin
ligase to promote the conjugation of Atg8
Figure 1. Autophagic Proteins and Bone Resorption
In wild-type osteoclasts, lysosomes are targeted to the ruffled border (RB) to secrete proteases and
protons into the resorption lacuna (RL), where bone is degraded (top). Knockout of either Atg5 or Atg7,
as well as overexpression of a dominant-negative form of Atg4B, inhibits lysosomal trafficking and fusion
with the plasma membrane, resulting in immature or absent RB (bottom). Consequently, secretion of
cathepsin K (catK) and protons to the RL is inhibited, and bone resorption is held back. The involvement
of Atg5-Atg12-Atg16 complex in LC3 conjugation to the plasma membrane (denoted by ‘‘1?’’ and ‘‘2?’’)
and the regulation of LC3 conjugation to either the plasmamembrane or the autophagosome (‘‘3?’’) should
be the subject of future studies. AR denotes actin ring; DN denotes dominant-negative.
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Previewsto the lipid (Weidberg et al., 2011a). In
mammals, the Atg8 homolog LC3 is
cleaved by Atg4B to produce a primed
form (LC3 I), which conjugates to PE to
form lipidated LC3 (LC3 II) upon auto-
phagic stimulation. LC3 II is commonly
used as a marker of autophagosomes.
Whereas the role of these proteins
in autophagy is widely accepted, their
participation in other processes, such as
extracellular protein secretion, was only
recently reported. For example, autopha-
gicproteindeficiency impairs thesecretion
of lysozyme, an enzyme that breaks down
bacterial cell walls, from intestinal Paneth
cells (Cadwell et al., 2008) and of insulin
from pancreatic b cells (Ebato et al.,
2008). In yeast, unconventional secretion
of the acyl coenzyme A-binding protein
(Acb1) depends on several autophagy-
related genes (Duran et al., 2010; Manji-
thaya et al., 2010). DeSelm et al. (2011), in
this issue of Developmental Cell, describe
a new role for autophagy-related proteins
in the extracellular secretion of lysosomal
content during bone resorption.Osteoclasts are multinucleated cells
responsible for bone resorption. Upon
adhesion to bone, they become polarized
and form a unique structure, termed the
ruffled border (RB), composed of plasma
membrane protrusions directed at the
target-bone surface. The RB plays a role
in the demineralization and degradation
of the bone matrix, processes mediated
by lysosomes (Figure 1). The lysosomes
fuse with the RB and secrete protons
and proteases into the resorption lacuna
(RL), the gap between the osteoclast
and the target bone where degradation
occurs (Itzstein et al., 2011), leading to
formation of cavities in the bone, termed
bone pits. The RB is confined by an actin
ring, which seals the peripheral contact
site between osteoclasts and bone. The
actin ring also provides a marker for
RB localization of secretory lysosomes
and specifically of cathepsin K (catK),
the major protease in bone resorption.
Besides synaptotagmin 7 and Rab7, the
factors participating in RB formation in
osteoclasts remain largely unknown.Developmental Cell 21, NDeSelm et al. investigate the activity of
autophagic proteins in osteoclast-medi-
ated bone resorption, and specifically in
lysosomal secretion and RB formation.
They find that Atg5 and Atg7 are required
for proper localization of lysosomeswithin
the actin ring and for bone-pit formation
and optimized bone resorption, but not
for osteoclast development and differ-
entiation or actin ring formation. These
proteins do not affect ATP levels,
numbers of nuclei, or total protein ubiq-
uitination in osteoclasts. Furthermore,
LC3II is localized within the actin ring
together with catK, while a dominant-
negative form of Atg4B, which prevents
the conjugation of LC3 with the lipid,
interferes with catK localization and
bone-pit formation, suggesting that these
processes require the conjugation of
LC3 to membranes. Importantly, osteo-
clast-specific knockout of Atg5 in mice
leads to increased bone mass and to
decreased bone loss caused by ovariec-
tomy, identifying autophagic factors as
possible therapeutic targets for osteo-
porosis. Based on these findings, the
authors suggest that the autophagic pro-
teins Atg5, Atg7, LC3, and Atg4B partici-
pate in the targeting of lysosomes to the
plasma membrane of polarized osteo-
clasts, thereby contributing to the forma-
tion and function of the RB (Figure 1).
DeSelm et al. thus provide new
evidence for participation of autophagic
proteins in cell secretion, in line with
recent studies in other cell types (Cadwell
et al., 2008; Duran et al., 2010; Ebato
et al., 2008; Manjithaya et al., 2010).
Although the in vivo results may point to
promising ways to treat bone disease,
several major questions have yet to be
addressed. For instance, given that auto-
phagosomes were not detected in the
vicinity of the RB, how does LC3 reach
the plasma membrane? The fact that
the translocation of LC3 to the plasma
membrane depends on Atg5 also raises
the question of whether the Atg5-Atg12-
Atg16 complex localizes to the RB
and is required for conjugation of LC3
to the plasma membrane. It is also
important to determine the mechanism
by which LC3 and perhaps other Atg8
homologs act to facilitate lysosomal
secretion. One possibility is that LC3 is
part of a selective docking site for lyso-
somes, perhaps participating directly in
membrane fusion, as recently reportedovember 15, 2011 ª2011 Elsevier Inc. 809
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Previews(Weidberg et al., 2011b). Alternatively,
LC3 may recruit other, as-yet-unknown
factors to promote the docking and mem-
brane fusion processes required for lyso-
somal secretion.
Trafficking of lysosomes to the RB is
mediated by the small GTPase Rab7,
which is localized to membranes of lyso-
somes and the RB (Itzstein et al., 2011)
and which is also important for autopha-
gosome-lysosome fusion. The possibility
that Atg5 is required for Rab7 targeting
to the RB and the co-occurrence of LC3
on the plasma membrane in the RB sug-
gests mechanistic similarities between
the two fusion systems. The two path-
ways—autophagy and lysosomal secre-
tion—may therefore cross at the level
of LC3 regulation, where LC3 either
becomes conjugated to the autophago-
somal membrane to participate in auto-
phagy or is conjugated or transferred to
the plasma membrane to facilitate lyso-
somal secretion. Another critical question
is what role, if any, do SNARE proteins
have in this system? For instance,
VAMP7 is a v-SNARE that mediates lyso-
somal secretion in different cell types.810 Developmental Cell 21, November 15, 20Chaineau and coworkers reported that
VAMP7 compartments are mobilized to
the cell surface during rapid expansion
and remodeling of the plasma membrane
(Chaineau et al., 2009), and VAMP7 was
recently shown to be instrumental in ho-
motypic fusion of Atg16-like1 (Atg16L1)
vesicles during autophagosome biogen-
esis (Moreau et al., 2011). Lysosomal
secretion is facilitated in part by the inter-
action between VAMP7 and synaptotag-
min 7 (Chaineau et al., 2009). It would
be interesting to further investigate the
contribution of these factors and other
SNARE proteins to lysosomal secretion.
DeSelm et al. describe for the first time
the involvement of a subset of autophagy-
related factors in osteoclast lysosomal
secretion. Future studies will determine
the involvement of other autophagy-
related genes in this process. Further-
more, it will be interesting to establish
the generality of this process, testing for
example the involvement of autophagic
factors in lysosome secretion by cytotoxic
T cells. The growing availability of auto-
phagic tools will help address these
questions.11 ª2011 Elsevier Inc.REFERENCES
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Kim et al. (2011) challenge the dogma that phosphatidylinositol synthesis is restricted to the endoplasmic
reticulum (ER) by showing that a mobile membrane compartment transports phosphatidylinositol synthase
from the ER to numerous cellular compartments, including the plasma membrane. These findings signifi-
cantly impact our view of phosphoinositide signaling in the cell.Phosphatidylinositol is an essential phos-
pholipid in eukaryotes, in part because of
its requirement for production of both
phosphoinositides and soluble inositol
phosphates (Sasaki et al., 2009). These
phosphorylated derivatives of phosphati-
dylinositol and inositol, respectively, are
critical signaling molecules, and manyintracellular systems receive regulatory in-
put from them. Phosphatidylinositol bio-
synthesis is catalyzed by a single enzyme,
phosphatidylinositol synthase (PIS),which
utilizes inositol and cytidine-diphosphate
(CDP)-diacylglycerol as substrates to
produce phosphatidylinositol and cyti-
dine-monophosphate. PIS is an integralmembrane protein of the ER (Paulus and
Kennedy, 1960; Antonsson, 1997).
PIS and phospholipases C participate in
phosphoinositide-dependentgrowth factor,
G protein-coupled receptor, and calcium
signaling pathways. For the purposes of
this discussion, phospholipases C are ac-
tive at the plasmamembrane and hydrolyze
